Introduction
The great earthquakes have been occurred periodically at southern Japan sea area, named Tokai, Tonankai and Nankai earthquake in Nankai trough. It is expected that the occurrence interval is every 150 years. This earthquake can generate tsunami, causing the raise of free surface and strong horizontal flow movement of inland sea.
Osaka Bay, one of locations that receives the impact of tsunami, consists of many oil and chemical companies and passenger ship terminals. This situation causes marine casualties since tsunami can make drifting many vessels 3) . These accidents not only cause vessel disasters, but also jeopardize human life and environment. It is predicted that the time of tsunami arrival in Tempozan Passengers Terminal, Osaka is around 6000 sec 3) . Therefore, an appropriateness of evacuation safety management policy for passengers and ship itself in port in case of such accident happened is necessary. As a result, the Port Authority should decide the evacuation procedures in case of tsunami occurrence. Basically, there are two alternatives of disaster prevention which are possible to be carried out. The first alternative is the passengers' getting off from a cruise ship and the other alternative is the cruise ship's evacuation from a port to a safe area in order to minimize tsunami arrival impact. The main purpose of this paper is to evaluate whether the first alternative is dangerous for the ship and passengers or not in case tsunami arrives in the port by using some simulations. The results of simulation, concerning several scenarios, can be used for consideration of existing disaster prevention management in case of tsunami arrival. Basically, the structures of this paper are covering the passengers evacuation problems from on board due to tsunami attack, which have not yet been carried out previously. Moreover, it is considering road evacuation on port instead of evacuation by using life boats. Therefore, this paper mainly is composed of 4 (four) sections. Firstly, passengers evacuation is analyzed when tsunami arrival is occurred. The composition of passengers is assumed and passengers evacuation in a cruise ship is evaluated by using general Discrete Event Simulation (DES). Secondly, by the simulation, it is pointed out that it is possible for passengers' safe evacuation to enlarge an evacuation's entrance, which is the bottle neck of evacuation for accelerating person's flow. Thirdly, the evaluation possibilities of other passenger ships which visit Tempozan Passenger Terminal are demonstrated, although all ships which visit this terminal are not evaluated. Lastly, it is proposed to the Port Authority as consideration of passengers evacuation management for any ships which come in Tempozan Passenger Terminal.
Literature Review
There are several modeling pedestrian dynamic microscopic approaches, which have been developed. The first approach is based on cellular automata, which is assuming that a pedestrian is represented by a cell. The cell is obtained from the division of area movement. However, it is argued that the model, which is simulated by this theory, cannot simulate the crowded condition, if crowded density is beyond the number of developed cell 6) . An example of software, which is developed by this theory is EXIT89. Mutani et al. 7) purposed other modeling simulation approach. It is assumed that people movements are analogy with the incompressible fluid movements. Moreover, it is possible to be used for very crowded people movements since the density is similar to incompressible fluid condition 7) . However, the modeling of such kind of assessment is difficult to be used for a normal situation or not crowded condition 6) .
Another approach, which is well known for pedestrian dynamic simulation is the use of rule-driven agent based simulation. There are several softwares based on this theory such as VEgAS, LEGION packages, maritimeEXODUS which was developed by Greenwich University, Simulex and AnyLogic. In this approach, each individual could be modeled to have own and continuous coordinate representing of its location. Furthermore, it is believed that it can update continuously the property of each individual depending on the series of rule. It can be used as well for considering the psychological condition of the concerned person.
An alternative approach, which was developed by Helbing et al. 8) is the Social Force Model (SFM). The principle of theory is that the people react to both physical and social forces. If there is an obstacle on the way, other individuals avoid that obstacle. The SFM, which was developed, is only appropriate for crowded condition impact assessments. The SFM is also possible to predict the number of injured people due to people interaction in a crowded condition. Brailsford et al. 6) used the simul8 which is a standard discrete event simulation for modeling people evacuation in emergency condition. The DES is used for modeling the flow of pedestrian through the building and making time evacuation assessment. Moreover, needed time data during crowded condition were obtained from social force pedestrian simulation or the SFM, which was developed by Helbing et al. 8) since it is difficult to use the DES for modeling the social impact of crowded condition. The DES is also possible to assess the stochastic condition of human behaviors such as the change of walking speed of each entity 10) . Each room is represented by node, and an interconnection room is represented by a door or a stair. In order to measure crowded time evacuation, an approach which is used in the DES is queuing modeling 10, 11, 13) . However, the impact of an individual entity are not clearly shown here since the DES cannot precisely represent the geographical location of entity 12) . Moreover, the social activity interaction between individuals cannot be generated since it is very difficult to make such kind of model using the DES. Examples of software which are developed by this theory are Arena, simul8 and Micro Saint Sharp 2.5.
From this point of view, it seems that the DES, which uses Micro Saint Sharp 2.5, is adequate for evaluation of evacuation time assessment due to tsunami arrival as long as there are availability data for calculating evacuation time such as walking speed in the various conditions. Moreover, the evaluation of evacuation does not assess the number of injured people due to emergency evacuation and geographical location of each passenger.
3

Modeling Methodology
The modeling of evacuation simulation is carried out based on the DES. It can develop a model with an assumption that the state variable changes instantaneously at separated point of time 4) . The DES characteristics are also considered that an individual entity is more important than aggregate entities. It means that each walking speed of passenger is altered instantaneously at specific time. Moreover, it is not assumed that each entity of the simulation is as a group of movement, but an individual movement is more an important aspect. Therefore, the movements of passengers are not similar to fluid movements. However, the DES, which is using Micro Saint Sharp 2.5 as a tool of assessment, is not specific software to develop evacuation assessment such as maritimeEXODUS and Simulex. Therefore, it takes many times to make evacuation time assessments. The most important matter for conducting simulation is determining the input probability distribution for the DES since each time task which have to be conducted by each entity is based on probability distribution data. Then, the data are generated based on specific probability distribution which is selected as input for simulation. The response times of each individual which are around 400-700 sec and 200-400 sec for night/morning and day condition respectively 1) , are assumed to follow lognormal distribution. The reaction of passengers due to tsunami attack starts on each individual's response until they realize it. Then, each passenger starts walking from the cabin through stairs down to exit ways of the cruise ship. The calculation is considering the nearest and the farthest location of person from exit doors. The nearest one is considered as minimum time and the most for one is considered as maximum time taken by each passenger. In order to model a crowded or a congestion condition, it is represented by using queuing condition which is set up by First In First Out (FIFO). It means that a passenger who coming firstly in the exit door is the first passenger who evacuates firstly. When all passengers are getting close to an exit door and a stair, the crowded or congestion situation is assumed and the first passenger, who is near an exit door or a stair is assumed to influence other passengers who are in the backside. As a result, there are various inter-arrival times which are occurred. In order to satisfy crowded condition time data, inter-arrival times data are obtained from Helbing simulation package 8) , and the values are around 1 sec until 6 sec which are assumed by using uniform distribution.
In order to make simplify presentation, each room and a stair are represented as node j as shown in Figs.5, 6 and 8. Node j can represent for example, a lobby bar, other rooms and stairs as shown in Fig.8(b) . Person i has to spend her or his time in all nodes which are visited. In case, time evacuation spent by person i in node j which is considered a crowded or a congestion condition, the calculation is assumed as follows:
Time spent for passenger i in node j, where there is not a congestion condition is assumed as follows:
Since it is assumed that response time is also considered in calculation, time needed of person i in node j, generally can be expressed as follows:
Regarding to formula (1) and (2), during evacuation, passenger i may face either a congestion or a normal condition in each node representing each location in a ship as shown in Figs.5, 6 and 8. Therefore, total time evacuation of passenger i is sum of time spent by person i in every node from the original location to the desired destination. Moreover, total time needed for passengers evacuation to a safe area is assumed as follows:
where: t respone time(i) = time needed each passengers to realize and react in case of the occurrence of emergency condition t normal(i) = time needed for passenger i to spend her or his time in node j in normal condition t move(i) = time needed for passenger i to spend her or his time in node j ∆t = interarrival time of passenger, t i -t i-1 which is assumed around 1 sec -6 sec Total time = time at the last person arrives at a safe area Fig.1 The condition of passenger disembarkation in the normal condition The principle of evacuation calculation considering stair congestion conditions can be shown in Fig.1 describing that passengers are walking consecutively during in the normal condition. An arrival and inter-arrival times of passengers are randomly generated and following uniform distribution which is purposed in MSC.1/Circ.1033. The uncertainty of evacuation time of each passenger is modeled by probability distribution having range of value.
Basically, passengers evacuation is influenced by several components. Fig.2 shows that there are five (5) components, contributing the safe evacuation of passenger as follows: human being; geometry; environment; procedures; and population 2) . In geometry aspects, it seems that port evacuation routes also contribute time needed to evacuate. The assessment of passengers evacuation is considered as function of people density, geometrical and human being. In the people density aspect, the population groups of passengers are referring to Table 1 and the population composition of passengers are based on Table 3 . The people density consists of crews and passengers. In the human being aspect, panic is probably occurred during a crowded condition and influence passengers evacuation time. The time needed during crowded condition is modeled by using Helbing simulation package which is previously explained in sections 2 and 3. However, the environmental and procedural aspect are not taken into account in this simulation.
The Location and Object
The object for simulation is based on a layout of a cruise ship which has dimension as follows: Loa = 290 m; Lpp = 246.0 m; B = 37.5 m; H above seal level = 54.0 m; Draft = 8.05 m and the Tempozan Passenger Terminal as shown in Fig.3 , one of terminal located in Osaka Bay, where is getting impact during tsunami attack.
This cruise ship is considered as a large passenger ship which can accommodate maximum around 4160 persons including passengers and crews 5) . She has 1339 passengers' and 650 crews' cabins respectively. The possibility of evacuation can be seen in Fig.3 . Passengers probably will evacuate from an exit door of Fiesta deck and Plaza deck of the ship to E2 or from Promenade 7 deck of the ship to E1. The distance from the ship to E1 is around 50 m and from the ship to E2 is around 235 m. E1 is located inside Tempozan Passenger Terminal building, which is considered a safe area for passengers evacuation. Moreover, E2 is located outside a jetty, which is also considered safe area for passengers evacuation. It is expected that it is safe for any passengers to evacuate in E2 since the maximum of height of tsunami is around 1.5 meter in Tempozan Passenger Terminal 14) and the height of sea level to surface of a jetty is around 1.5 -2 meter. Moreover, there is only one connection way from Promenade 7 deck to terminal through a connection way (E1). The last destination of passengers is E1 or E2.
Simulation Scenarios
The scenarios are established based on MSC.1/Circ.1033, considering morning, night as well as day condition. Moreover, the passengers' response time data which are established by Deer et al. 1) is considered in the simulation. All scenarios, which are explained in MSC.1/Circ.1033 are not explained further here. The similar conditions in both simulations are the population of passengers. It is divided by 4 (four) population compositions as follows: old, adult, young and handicapped persons. Moreover, the proportion of population composition is Table 3 shows that there are two kinds of handicapped persons but both of them have different walking speed capability. Regarding to MSC.1/Circ.1033, the population and walking speed of female and male crews are similar to the population and walking speed of female and male young passengers respectively. Therefore, it is not necessary to mention the crew's population composition in Table 3 . Moreover, the further explanation of assessment is illustrated in sections 5.1 and 5.2.
1 Morning/ Night Simulation Scenarios
In the morning/night condition of scenario A, There are not any passengers who occupy in Promenade 7 deck since there are not available cabins in that deck. 3392 persons including crews stay in the above Promenade 7 deck. 186 passengers stay in Plaza deck and 582 crews are assumed to stay in Gala 4 as shown in Table 4 . 3392 persons including passengers and crews are distributed inside cabins of Lido 14, Aloha 12, Baja 11, Caribe 10, Dolphin 9 and Emerald 8 deck based on a number of cabins in each deck above Promenade 7 deck. All passengers are assumed inside cabins and in sleeping condition at the start of evacuation 2) . All crews are assumed initially inside cabins and behave as passengers having walking speed as shown in Table 1 and Table 2 . When alarms are ringing, all passengers react immediately and there is information from crews that passengers have to follow direction of evacuation to a shelter area. Their reaction Response time in morning/night scenario has been explained previously in section 3. During evacuation, 4160 persons including passengers and crews in all decks can only pass through 1 (one) exit door in Promenade 7 deck. Then, they have to pass through a connection exit way, which is connected to the building in Tempozan Passenger Terminal and may be able to be passed by 2 (two) or 3 (three) people simultaneously toward the end of destination which is E1 as shown in Fig.3 .
In scenario B, initial position; the number and distribution of passengers; the number of evacuation exits are similar to scenario A. 3392 persons, who occupy above Promenade 7 deck, e.g. Lido 14, Aloha 12, Baja 11, Caribe 10, Dolphin 9 and Emerald 8 deck have to evacuate toward Promenade 7 deck and pass through a connection exit way, which is connected to building in Tempozan Passenger Terminal and may be able to passed by 2 (two) or 3 (three) persons simultaneously toward E1. However, passengers who occupy in Plaza 5 and Gala 4 deck cabins have to evacuate to an exit door in Plaza 5 deck and going down using a stair, which can only be crossed by a passenger without passing each other from Plaza deck to a jetty in Tempozan Passenger Terminal. Then, they have to proceed to the shelter area (E2).
As same as scenario A, when the alarms are ringing, passengers are getting response to that condition. Then, the passengers start to evacuate from cabins toward exit doors. The scenario of passengers evacuation is shown in Fig.4 describing where passengers have to evacuate and that figure is not representing the simulation by using Micro Saint Sharp 2.5. It clearly shows that initially, passengers are from their cabins and then proceeding toward stairs in each deck through corridors.
The scenario A simulation can be modeled by Micro Saint Sharp 2.5 in Fig.5 and the scenario A of the morning/night simulation is shown in Fig.6 . In scenario B, the model consists of two kinds of model. The first model, shown in Fig.6(a) is only describing passengers in Plaza 5 and Gala 4 deck since some passengers have to evacuate from Plaza 5 and Gala 4 deck to an exit door, located in same deck. Moreover, in the same scenario it describes that passengers evacuate from Lido 14 deck, and any decks, which contain cabins inside to Tempozan Passenger Terminal through a Promenade 7 exit door. 
2 Day Simulation Scenarios
A number of persons, who are staying in the public spaces, are shown in Table 5 . It shows that there are 619 persons in Sun15 deck; 135 persons including passengers and crews in Lido 14 deck; 1938 persons in Promenade 7 deck; 898 persons in Fiesta 6 deck and 570 persons in Plaza 5 deck. Therefore, it is assumed that the total number of persons including passengers and crews is 4160 which is the maximum capacity of the cruise ship.
All passengers are assumed to occupy in public spaces. All crews are assumed to behave as passengers having walking speed as shown in Table 1 and Table 2 . They are also distributed in public spaces. The public spaces, which are occupied, are located in Sun 15, Lido 14, Promenade 7, Fiesta 6 and Plaza 5 deck shown in Fig.7 . Furthermore, the passengers, who stay in Sun 15 deck have to pass through all decks, which are below that deck, such as Lido 14, Aloha 12, Baja 11, Caribe 10, Dolphin 9, Emerald 8 and Promenade 7 deck (Fig.4) . This procedure also has to be conducted by any passengers who stay in other deck as well, such as Lido 14. However, there are several crews, who are assumed to stay in cabins, located in Lido 14 deck.
As same as morning/night condition, when alarms are ringing, all passengers react immediately and there is information from crews that passengers have to follow direction of evacuation to shelter areas. It is assumed that passengers and crews are mixed and proceed to shelter areas together. Crews guide passengers to proceed to shelter areas. Their reaction times due to the alarms sound are represented as response time in the simulation model as shown Fig.8 . The day condition response time, which has been previously explained in section 3, is assumed less than that of morning/night condition. There is only one exit way, which is from Promenade 7 deck to Tempozan Passenger Terminal. All passengers, who are doing any activities above Promenade 7 deck, have to pass through a Promenade 7 deck exit door. Then, they have to pass through a connecting way, which is connected to the building in Tempozan Passenger Terminal and may be able to be passed by 2 (two) or 3 (three) persons simultaneously toward to the end of destination which is E1 as shown in Fig.3 . The condition of the bottle neck evacuation exit door which can be passed by 2 (two) and 3 (three) persons is called as day scenario A and day scenario B respectively. However, passengers who stay in Fiesta 6 and Plaza 5 deck are assumed to evacuate through the Fiesta 6 deck exit door and the Plaza 5 deck exit door respectively. Then, they are going down using a stair which can only be crossed by a passenger without passing each other from the Fiesta 6 deck exit door and the Plaza 5 deck exit door to a jetty in Tempozan Passenger Terminal and have to proceed to the shelter area (E2).
The scenario of evacuation in day condition can be modeled by using Micro Saint Sharp 2.5 as shown in Fig.8 . The day scenario is divided by 3 sections of model since the location of the passengers exit door from Promenade 7, Plaza 5 and Fiesta 6 deck are different. Regarding to the model shown in Figs. 6 and 8, it shows that the differences of assumption are only location and position of passengers. In the day scenario, majority passengers stay in public spaces, but in morning/night scenario majority passengers stay in cabins in sleep condition. Fig.4 The morning/night evacuation route 
Results and Assessments
The results of simulation are shown in Figs.9, 10 and 11. In morning/night scenarios, Figs.9 and 10 show that all passengers cannot evacuate safely if maximum of passengers are on board. It also describes that the degree of evacuation risk is based on a number of passengers who are on board. For example, in the case there are only 500 passengers on board, the passengers may evacuate safely. Moreover, in the case about 3120 persons or 75% of maximum persons, they may be able to evacuate safely if a connection exit way from Promenade 7 deck to Tempozan Passenger Terminal can be passed by 3 people simultaneously. Therefore, the Port Authority has to know the number of passengers on board in order to decide which evacuation policy is appropriate for that ship in morning/night condition. In day condition, Fig.11 shows that all passengers can evacuate safely, if the connection exit way from Promenade 7 deck to Tempozan Passenger Terminal is wide enough to be passed by either 2 (two) or 3 (three) passengers simultaneously. The rest of persons evacuate from Plaza 5 deck and Fiesta 6 deck. Even though all persons can evacuate from a cruise ship, the ship itself is still very dangerous due to tsunami attack since it is approximately 500 sec and 2200 sec remaining for the cruise ship to evacuate toward an emergency anchorage area as shown in day scenario A and B respectively.
The overall results of simulation in the day, night and morning scenarios can be summarized as follows: the worst condition is 1 (one) exit way and 2 (two) exit way on Promenade 7 deck and Plaza 5 deck in the morning or night condition (night/morning scenario A and B) since the evacuation time is approximately more than 6000 sec. Moreover, the least risky condition is the day scenario B which is assumed that the persons have to pass 1 (one) exit way on Promenade 7 deck which can be passed by 3 persons simultaneously and 1 (one) exit way on Plaza 5 and Fiesta 6 deck which can be passed by 1 (one) person simultaneously. In other words, the day scenario A is more risky than scenario B. However, in the day scenario B, it does not mean that it is completely safe condition since the ship itself has to evacuate to a safe area.
The value of risk will decrease if a number of passengers are getting less; on the contrary, it will increase if a number of passengers are getting more. Simulation results are possible to be used as rough evaluations other ships which visit to Tempozan Passenger Terminal, event if, it does not evaluate all ship as shown in Fig.12 . Moreover, it is used a Sapphire Princess (E ship) as the reference point of evacuation determination, which is considered as the largest ship, anchored in Tempozan Passenger Terminal.
For instance, Fig.12 shows that A, B, C, D and E are several passenger ships which visit and anchor in Tempozan Passenger Terminal. "A" ship can carry maximum 800 persons on board. "B" ship can carry maximum about 950 persons on board. "C" and "D" ship can carry maximum about 2700 persons on board. Lastly, "E" ship can carry maximum 4160 persons on board. By using a result simulation, it is estimated that "A" ship which has on board approximately 800 persons may be able to disembark all passengers safely since the time needed is less than tsunami arrival time.
Therefore, the results of estimation of passengers evacuation can be used to make decision whether either the ship has to leave port with the passengers or the passengers have to evacuate firstly, then the ship leave port. The decisions of passengers evacuation are based on number of passengers on board and capacity of a ship. Those data can be collected to be a ship database including location of evacuation. The database can be used for the Port Authority to make evacuation decision as shown in Fig.13 . 
Conclusion and Future work
By considering a number of passengers who are on board, passengers evacuation assessments in a cruise ship are possible to be used for establishing evacuation decision in port safety management, whereas the tsunami time arrival is as time constrains for evacuation assessments.
From the result of passengers evacuation simulation, it shows that the night/morning scenarios simulation take longer time than the day scenarios. The needed time of passengers evacuation simulation in the night/morning scenarios are more than and reaches the tsunami arrival time since it is assumed that many passengers stay in the each cabin and it takes longer time to evacuate from cabin to a safe place. Therefore, the night/morning condition is more dangerous than the day condition.
Moreover, in safety point of view, by assuming that the maximum of the number of persons is on board, it seems that evacuation of passengers due to tsunami attack from a cruise ship is still dangerous since the evacuation time is not appropriate enough. Even if, all passengers could be evacuated from the cruise ship in the day scenario, the ship itself is difficult to avoid tsunami attack since she only has approximately 500 sec and 2200 sec remaining to evacuate toward an emergency anchorage area, if it is assumed that an exit door can be passed serially by 2 (two) and 3 (three) people respectively. It is not recommended that for large passenger ships, such as Sapphire Princess which carries many passengers has to evacuate passengers firstly when tsunami arrive in Osaka Bay. Therefore, there should be another policy to avoid tsunami arrival impact. The other possible way is the ship including passengers should evacuate to a safe area since tsunami can drift and consequently destruct the ship in port. The possible future works is the establishment of a ship evacuation assessment due to tsunami attack.
